Viscosity Measurement and Correlation of the Squalane

+ CO, Mixture
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We report experimenta results for the viscosty of the squdane + CO, mixtures. The
viscosties were measured by usng arolling bal viscometer. The experimentd temperatures
were 293.15, 313.15, 333.15 and 353.15K, and pressures were 10, 15 and 20MPa. The mole
fraction of CO, in the mixtures were 0.0, 0.095, 0.201, 0.362, and 0.417. The composition of
the mixture was determined by weighing. The experimenta uncertainties in temperaiure,
pressure, and composition were esimated to be within + 4mK, £ 0.2MPa, and + 0.1mole%s,
respectively. The accuracy of the reported viscosity vaues was edimated to be £ 3.0%.
Viscosty of mixtures reduces with the increase in CO, mole fraction. The experimenta values
were compared with the Grunberg-Nissan and the M cAlligter equations.
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viscosty.

1. INTRODUCTION

Naturd refrigerants such as CO, draw much atention as replacing hydrochlorofluorocarbons
(HCFCs) and/or hydrofluorocarbons(HFCs). The CO, has low ozone depletion potentid and
globa warning potential compared to the HCFCs and/or HFCs. Furthermore, it is nontoxic and
incombugtible. When it is used as the refrigerant, the refrigeration system should be operated a
higher pressure compared to the HCFCs and/or HFCs systems. However, asit has high ability
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on thermd properties, the system will be scaled down.

In refrigeration systems, the mixtures of a lubricating oil and refrigerant circulae in the
system. So thermd properties of those mixtures over awide range of composition, temperature
and pressure are indigpensable to optimum design of the refrigeration system. Additionaly, the
correlaion and the prediction are very important because the required data do not often exidt.

Squdane(CxHg,) can be amode substance for the lublicating oil because of its characterigtic
thermodynamic properties. The purpose of this study is to measure the viscosty of squaane +
CO, mixture were measured at temperature range from 293.15 to 353.15K and pressure range
from 10 to 20M Pa and to correlate the data with Grunberg-Nissan and McAllister equations.

2. EXPERIMENTAL

The viscosty was measured by using a rolling bal viscometer. The viscometer used in this
sudy isillustrated in Fig.1. The glass tube was gpproximately 10cm in length with an internd
diameter of 7.09mm and adiameter of the gainless sted bal was 7.00mm. The upper part of the
glass tube is open in order to make equa pressure of ingde and outsde of the glass tube.
Pressure was regulated with moving a piston a alower postion of the viscometer with the use
of pressure medium (silicon ail). The viscosity, #, was caculated from the fdl time of the ball, ¢,
by the following equation:

n=K(p, - p) (1)

where K is the viscometer congtant, and p; and p are dengties of the dainless sed bdl and
samplefluid, respectively. Since the viscometer constant was dependence of temperaure, it was
determined a each temperature. The viscometer congtant a 29315 and 313.15K was
determined by using the standard liquids for cdibrating of viscometer, that is, JS10, JS20, and
JS50 caibrated by NRLM(Jgpan). The viscometer condant a 333.15 and 353.15K was
determined by using ethylene glycol [1] because the standard liquids for cdibration only assure
of the viscogty and dengty vaues at 293.15, 303.15, and 313.15K. The density of a sample
mixture was obtained by using a piezometer. The temperature of the thermostat was measured
with a quartz thermometer, which was cdibrated againg a Leed-Northrup platinum resstance
thermometer. The pressure was measured with a bourdon tube pressure gage, which was
cdibrated againg a dead-weight gauge periodicaly. The compostion of the mixture was
determined by weighing. The experimentd uncertainties in temperaure, pressure, and
composition were esimated within £ 4mK, £ 0.2MPa, + 0.1mole%o, respectively. The accuracy
of the reported viscosity datawas estimated to be + 3.0%.

The squaane which had gated purity of 98.0mol% and CO, which had dated purity of
99.9m0l% were purchased from Wako Pure Chemicd Industries,Ltd. and Nippon Sanso Co.,
Ltd.(Jgpan), respectively. These substances were used without further purifications.
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Fig.1 Rolling bal viscometer

3.RESULTS

The experimentd viscosity data of the squdane + CO, mixture are given in Table 1 together
with vaues for the densty under the same conditions, which are interpolaied from the
experimenta dengty values. The dengties have an estimated accuracy of + 0.2%. No literature
viscodgty vaues have been found for the mixtures sudied here. For comparison purpose, the
present viscosity data for the squalane a high pressure are shown in Table 2 together with our
previoudy reported vaues which were obtained from a fdling body viscometer [2]. The
agreement between both data are satisfactory by considering the mutua experimenta errors.

4. CORRELATION WITH THE GRUNBERG - NISSAN EQUATION

The viscogty of mixtures are often caculated from the viscosties of the pure components
conggting of the mixtures. The Grunberg-Nissan equation is one of the most widdy used
viscosity corrdation of liquid mixtures[3]. Thissmple empirica equation iswritten as,

Inn =x,Inn, +x,1Inn, + x,x,G 2

where 1) is the viscosty of mixture and ) ; is the viscosity of pure component i a
measurement condition. x; is mole fraction of component i. G istheinteraction parameter. Fig.2



Table 1 Viscosty for the Squdane + CO, Mixtures

T X P p n T X P p n
[K] [ [MPq  [kgOm? [mPalg (K] B [MPg  [kgdm? [mPalg
29315 0000 100 812 443 33315 0000 100 792 0.37
15.0 815 498 15.0 795 10.7

200 817 55.6 200 798 115

0095 100 814 338 0095 100 792 850
15.0 817 384 15.0 795 9.24

200 820 42.3 200 798 10.1

0201 100 817 29.1 0201 100 793 7.38
15.0 820 318 15.0 79 7.8

200 822 359 200 799 8.85

0280 100 819 19.7 0280 100 7% 595
15.0 821 225 15.0 797 6.44

200 824 24.9 200 800 713

0362 100 821 17.0 0362 100 795 550
15.0 824 20.1 15.0 798 5.83

200 826 22 200 801 6.44

0417 100 822 133 0417 100 795 459
15.0 825 14.9 15.0 798 492

200 828 16.3 200 801 523

31315 0000 100 803 184 35315 0000 100 783 5.49
15.0 806 20.7 15.0 786 5.98

200 808 231 200 789 6.72

0095 100 803 16.0 0095 100 782 5.01
15.0 806 179 15.0 784 5.61

200 809 19.2 200 784 595

0201 100 805 134 0201 100 782 445
15.0 808 15.3 15.0 784 477

200 811 16.8 200 786 5.48

0280 100 806 105 0280 100 782 3.78
15.0 809 118 15.0 784 415

200 812 125 200 787 456

0362 100 808 9.04 0362 100 782 340
15.0 810 10.1 15.0 784 373

200 813 109 200 788 4.06

0417 100 808 7.35 0417 100 782 303
15.0 811 7.87 15.0 785 323

200 814 841 200 789 342

"molefraction of CO,



Table2 Comparison of present viscodty detawith previous ones.

TIK] P[MPd NP1 N pas[mPA]S Dev[od”
29315 10 443 436 16
20 556 54,0 30
31315 10 184 183 05
20 231 27 18
33315 10 937 943 06
20 15 11.0 45
*Ref. [2]

**Dev = (1present —previous)/ Mprevious ¥ 100

shows interaction parameter G a 10MPa. When G was caculated by using of the experimenta
data, literature vaues were goplied to the viscosity of pure CO.(n 1) [4]. It wasfound that G has
dependence of mole fraction, temperature, and pressure. G increases linearly with the CO, mole
fraction. But we could not express G as a function of temperaiure and pressure. So, the
experimentd data were corrdaed with the G expressed by linear function of the CO, mole
fraction at each pressure and temperature. The equation of G and corrdated resultsare shownin
Table 3. Fig.3 shows the comparison of the experimenta results at 10MPa and correaion with
the Grunberg-Nissan eguation. Fig4 shows the deviaion plot for the corrdaion with the
Grunberg-Nissan eguation. The Grunberg-Nissan equiation corrdated the experimenta datawith
an AAD of 3.2% and maximum deviation of 10.0%.
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Fig.2 Dependence of G on mole fraction and temperature for
squdane + CO, mixture (at 10MPa)
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Fg.3 Comparison of the viscodty data of sgudane + CO,
mixture with correlation from the Grunberg-Nissan equation (at
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Fg.4 Deviation of viscodty of squalane + CO2 mixtures between the
experimentd data and those cdculated from the Grunberg-Nissan
equation (a 10MPa).



Table3 Parametersof the Grunberg -Nissan equation

TIK] PIMPd] G[] AAD[%] Max Dev. [%]
293.15 10 3520+5.786x; 49 10.0
15 3.580+6.044x; 5.0 72
20 3473+5.97%; 5.7 85
31315 10 4.509+4.712x, 22 55
15 4,337+3.781x; 2.7 45
20 3.881+4.420x; 40 52
333.15 10 4.710+5.662, 29 74
15 3677+5.837x; 20 51
20 3.870+4.667x; 24 49
353.15 10 4,359+6.060x; 19 -49
15 4.357+4.628x, 238 -4.6
20 3.699+5,094x; 22 38

Average absolute deviation = (e 7cac ) /Meac %100
" Max deviation = (e fedc ) /7cdc X100

5.CORRELATIONWITH THE McCALLISTER EQUATION

The McAlliger equation is based on Eyring's absolute rate modd for viscogty [5]. For the
four-body McAllister modd of the binary mixture, this semi-theoreticd equation iswritten as,

Inv = x; Inv +4xlsx2 INV,p, +6x7x2 1NV, +4x,x5 1NV, + x5 1INV,
O , U EB'*‘M M, 0O O+M,IM, 0O 3
-In +x, —= +4x X +6x2x2 ( )
%Fl 2y |:J 1%, | Eig 1X2 Eig
A+3M,/ M, 0O v,

+ 4x, x5 |nE75 x5 |nE]_D

where v isthe kinematic viscosty of mixture and v; isthe kinematic viscosty of pure component
a measurement condition. x is the mole fraction and A is the molecular massvio |, vz and
v ae adjusable parameters and regressed by using experimenta data with leest-squares
method a each temperature and pressure. The subscript 1 represents CO, and subscript 2
represents squaane. Since the molecular Size ration of the squaane and CO, could be greeter
than 1.5, the four-body McAlliger mode should be applicable to the present sysem. The
regressed values of the paramgters of the McAllisger equation are liged in Teble 4. The
comparison of the experimentd results and the corrdation with the McAlliger equetion is
shown in FHg.5 and the deviations plot in Fg.6. This equation corrdated the experimenta data
with an AAD of 2.9% and maximum deviation of 8.7%.
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Fg.5 Comparison of the experimental kinematic viscodty date

with ones corrdaed from the McAllister equation for squaane +
CO, mixture (&t 10MPa).
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Fg.6 Deviation of kinemétic viscosity of squalane + CO2 mixtures
between the experimentd data and those cdculated from the
McAlligter equation (at 10MPa).



Table4 Parametersof the McAllister equation

TIK] PIMPe]  Invu INvitz 1NV AAD[%] Max Dev.” [%]
293.15 10 -11.765 10975  -10401 49 87
15 -12.036 10544  -10.377 48 78
20 -12.421 10218  -10.325 53 -86
313.15 10 -11.579 -11.892  -10911 21 -36
15 -12.500 11351 -10870 27 45
20 -12.769 -11.063  -10.897 37 6.2
33315 10 -11.468 -12517  -11.445 26 -44
15 -11.608 12228  -12524 19 33
20 -12.346 11832  -11423 26 4.4
35315 10 -11.847 12858  -11.960 12 21
15 -11.613 12913 -11812 13 2.7
20 -13.124 11995 -11.928 20 -33

Average absolute deviation = (Ve Veac ) /Veac %100
" Max deviation = (Ve Vedc ) Veae X100

5.CONCLUSION

The viscosties of the squalane + CO, mixture were measured with arolling bal viscometer to
an accuracy of + 3.0%. The experimentd data for each experimenta conditions were correlated
with the Grunberg-Nissan equation. This equation correlated the experimentd data within +
10.0%. The adjustable parameter of the Grunberg-Nissan equation can be expressed by linear
function of compostion at each temperature and pressure. While the four-body McAllister
equation correlated the experimenta data within + 8.7%, the parameters of this equation could
not be expressed as afunction of temperature and pressure,
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